We present scanning near field microscopy and local spectroscopic characterisation of gold nanoparticles fabricated on glass sodalime cover slides. The nanoislands are fabricated by the thermal annealing of gold thin films. Results are presented for samples annealed at 300ºC, 400ºC and 500ºC. We study the spectral dependence of the transmittance at the nanoscale level with respect to the nanoislands size, shape and interparticle distance. a) Corresponding autor. Electronic
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I -INTRODUCTION
Surface Plasmon Resonance (SPR) is one of the most interesting properties of noble metals 1, 2, 3 . This collective oscillation of the conduction electrons can be optically excited, leading to a huge extinction cross section at the resonance frequency. Excitation of SPR allows to locally amplify and concentrate the light overcoming the diffraction limit 4 , rending noble metal nanoparticles (NPs) interesting for applications in a wide variety of fields 5 . In the case of Au NPs, their chemical stability as well as high biocompatibility and easy functionalisation, in combination with SPR yield the development of many applications for biomedical 6, 7, 8, 9 , environmental 4, 10, 11 , energy harvesting 12, 13, 14 or optical purposes 15, 16 .
A key limitation for the use of NPs in real applications is the fabrication of large quantities at affordable economical costs. Chemical synthesis or physical patterning of thin films can provide NPs with well-defined shapes and monodisperse sizes. However, the amount of NPs results small and the cost quite expensive. Moreover, the dispersion of NPs for the integration into devices represent and additional challenge due to the inherent tendency of NPs to
agglomerate.
An interesting approach to obtain metallic NPs dispersed onto a dielectric substrate overcoming the abovementioned limitations consists in the deposition of metallic films followed by a subsequent thermal annealing 17, 18, 19 . The difference in the thermal expansion coefficient between the substrate and the metal induces interfacial stresses that relax by breaking the continuous film into NPs during the cool-down process 20 . The size and shape of the NPs depends on the metallic thin film thickness, annealing conditions and substrate characteristics. This procedure is particularly interesting for noble metals as gold, since their chemical stability prevents oxidation during the annealing process. Several works reported on the fabrication of Au NPs supported onto a dielectric substrate using this method 18, 21, 22, 23 . For the case of Au NPs, a univocal correlation between the deposition and annealing conditions with the NP morphology and the optical properties has been observed, in particular with SPR excitation 23 .
However, the study of the SPR in the NPs was performed in the far field regime recording the average absorption spectra over macroscopic regions. A key element of SPR is the capability to concentrate and amplify locally the light raising up huge gradients of electromagnetic field 3/11 in nanometric distances1 , 5, 16 . Therefore, a proper analysis of the optical properties of these nanostructures requires a study of the SPR excitation with spatial nanometric resolution.
Such study can be carried out with a Scanning Near Field Microscope (SNOM) 24 . In this work we address the study of the optical properties of Au NPs supported onto glass substrates by means of SNOM.
II -EXPERIMENTAL
A. Sample preparation
Au NPs supported onto soda-lime glass cover-slides were prepared as previously described in reference 23. Au films were deposited on clean sodalime glass substrates in a vacuum chamber by thermal evaporation of Au wires placed on a tungsten filament. During the deposition, the base pressure in the chamber was 10 -6 torr. The films were deposited at a rate of 0.02 nm s -1 measured with a quartz microbalance, and the nominal thickness was 10 nm.
The final deposited film was 10±0.2nm, measured with a stylus profilometer. After deposition, the resulting Au thin films were annealed in air employing a convection oven at 300ºC, 400ºC and 500ºC. The annealing consisted on an initial temperature ramp of 2 hours, 3
hours at the target temperature and a slow cooling down, with a ramp of approximately 5 ºC/min.
B. Morphological characterization
Topographic information of the Au thin films was acquired with an Atomic Force Microscope (AFM) in air, with a silicon nitride tip in non-contact mode. Optical absorption spectra were recorded using a Shimadzu 3100 spectrophotometer. Local optical and topographical characterization of the samples was carried out using a Veeco Aurora III scanning near-field optical microscope. The used SNOM probes were aluminum-coated tapered optical fibers with nominal apertures of 50-80nm for SNOM and 120-150nm apertures for SNOMspectroscopy. The images were taken in illumination-transmission mode at a constant distance from the surface. The tip-surface distance control was performed with an electronic feedback mechanism based on a piezoelectric quartz tuning-fork acting as a shear-force sensor 25 . Two light sources were used, a 488nm air-cooled Ar-Ion laser for conventional SNOM, and a highpower white LED for the SNOM-spectroscopy, spanning from 400 to 700nm. The transmitted 4/11 light was collected in the far-field with a microscope objective (0.65NA, infinity corrected) and directed to a photomultiplier tube (PMT) or to a spectrometer. The spectrometer used was a 0.5m monochromator with a liquid nitrogen-cooled CCD and a 300l/mm grating with blaze at 500nm. The spectrometer was electronically synchronized with the SNOM to acquire single spectrum at every point of the image with an integration time of 200 ms. and 400nm and another family of smaller particles with diameters of 40nm and less; while these kind small particles are present in all samples, it is at the sample annealed at a higher temperature at which they are present at most spaces between the bigger isluniformly throughout the whole sample. The histograms of the island area for the three samples in Figure 2 show the island area as a function of the annealing temperature and confirms the existence of this family of smaller gold nanoparticles. For the three annealing temperatures, the average height of the islands is axis, but we decided to cut it to make it easier to compare the three samples.
C. Optical characterization
The optical absorption spectra of the samples are presented in figure 3 together with the absorption of a bare substrate. All the spectra exhibit a sharp absorption edge at about 365 nm, due to the soda-lime glass substrate and a band at about 450 nm that correspond to Au interband transitions which is characteristic of Au in both bulk and nanometric sizes 5 . In addition, the sample annealed at 500C exhibits a well-defined absorption band centered at 630 nm that corresponds to SPR excitation for rounded Au NPs as those observed in the corresponding AFM image ( fig. 1c) . On the contrary, the samples with non-rounded NPs (those annealed at 300C and 400C) exhibit a much wider absorption band that extends in the IR.
6/11 . The probability of these transitions is independent of the size of the particle.
Thus, the absorption at this wavelength is determined just by the number of Au atoms that are present in the beam path, and the image reproduces the topography of the sample.
In order to distinguish these optical properties due to interband transition from those related to excitation of SPR, we measured local absorption spectra at each point of the sample. To this purpose, we illuminated the sample with white light and recorded the absorption spectra point The absorption image at 483 nm shown in figure 5b presents a contrast that reproduces the spatial distribution of the NPs over the substrate as above discussed. The spatial distribution of absorption regions for 546 nm results completely different compared to that corresponding to 601 nm and neither of them reproduce exactly the topography of the surface. However, for this sample, the macroscopic absorption coefficient at these wavelengths resulted about identical (see figure 3 ). 9/11 Figure 7 shows another set of SNOM spectral slices of the absorption of the gold nanoislands, this tim for the 500ºC sample, in which the size and shape dispersion is smaller. Also, this sample presents a big amount of smaller particles disseminated across the whole sample. The image taken at 483nm (fig 7b) has a similar behavior compared to the equivalent image for the sample annealed at 300ºC (fig 5b) , with the absorption localized in the islands and thus reproducing the topography. The slice at 601nm (fig 7d) also behaves the same way when compared to the sample annealed at 300ºC.
The main difference between the two samples appears at the slice taken at 546nm, where the sample annealed at 500ºC shows clearly more absorptive regions than the previous sample.
We attribute this affect to the presence of the family of smaller particles, which can be playing an important role in the plasmonic absorption at short wavelengths. 
III. SUMMARY
In summary, we showed here the advantages of the use of SNOM-spectroscopy in the analysis of plasmonic gold NPs ensembles. In the case of well isolated NPs with a small size and shape dispersion, the macroscopic optical absorption spectrum results similar to that of the 10/11
individual NPs. On the contrary, when the NPs spatial distribution and morphology is not homogenous, the macroscopic optical properties are different to those of the individual NPs.
In those conditions, an analysis in the near field region using a SNOM leads into a proper understanding of the ensemble optical properties. For the case of Au NPs obtained by annealing of thin films, SNOM analysis demonstrated here that the macroscopic optical properties of the system does not resemble that of the individual NPs but they are controlled by the particles morphology, that can be tuned through the preparation parameters.
Preparation of samples with less dispersion on size, shape and inter-particle distances could lead to a better understanding of the related effects, giving us the possibility to further characterize this tipe of irregular samples.
